On the basis of whole genome comparisons of Streptomyces griseorubiginosus and Streptomyces phaeopurpureus it could by shown that these two species are subjective synonyms. The names of both species have been published in the Approved Lists of Bacterial Names and, in such a case, normally Rule 24b (1) of the Prokaryotic Code applies, which reads: 'If two names compete for priority and if both names date from 1 January 1980 on an Approved List, the priority shall be determined by the date of the original publication of the name before 1 January 1980'. Streptomyces griseorubiginosus and Streptomyces phaeopurpureus were both effectively published in 1957, and for both publications, the exact date cannot be obtained. In this case a further statement of Rule 24 applies, which reads: 'If the names or epithets are of the same date, the author who first unites the taxa has the right to choose one of them, and his choice must be followed.' Hence we propose that Streptomyces phaeopurpureus is a later heterotypic subjective synonym of Streptomyces griseorubiginosus.
Since the introduction of the genus Streptomyces by Waksman and Henrici [1] , the classification systems of this genus have relied mainly on the use of morphological and phenotypic criteria. As shown in the literature, these classification schemes often lack taxonomic discriminatory power at the species level. Later genotypic approaches have revealed synonymies among several species, as shown for example in the Streptomyces violaceusniger, Streptomyces cyaneus and Streptomyces lavendulae species groups [2] [3] [4] . However, the large number of species with validly published names remains a major practical obstacle in an overall genotypic reclassification of streptomycetes, which can only be resolved by total genome sequence comparisons.
Whole genome shotgun (WGS) sequences of Streptomyces griseorubiginosus DSM 40469
T and Streptomyces phaeopurpureus DSM 40125
T were generated using the Illumina MiSeq sequencing technology. Genomic DNA was isolated using an extraction method optimized for Streptomyces species based on the method of Jin et al. [5] including three additional steps: mechanical treatment with glass beads, treatment with lysozyme solution (in TE buffer, pH 8.0) at 100 mg ml À1 at 37 C (16 h), and achromopeptidase treatment (60 U) at 37 C (30 min) followed by further purification using the MasterPure Yeast DNA purification kit (epicentre; Illumina Company). The genomes were sequenced on an Illumina MiSeq machine with 96.2-fold (strain DSM 40469 T ) and 91.3-fold (strain DSM 40125 T ) genome coverage. The genomes were assembled with the Newbler v.2.8 assembler. The genome sequence of S. griseorubiginosus DSM 40469
T was composed of 63 contigs with a total length of 9 850 149 bp and a G+C content of 70.9 mol% and the genome of S. phaeopurpureus DSM 40125
T of 53 contigs with a total length of 9 544 071 bp and a G+C content of 70.97 mol%.
The average nucleotide identity (ANI) of the genomes was calculated with the OrthoANI (Average Nucleotide Identity by Orthology) algorithm established by Lee et al. [6] using the respective EzBioCloud tool (http://www.ezbiocloud.net/). The OrthoANI analysis was based on 6 495 157 aligned nucleotides, which represents a genome coverage of 65.9 % (DSM 40469 T ) and 68.1 % (DSM 40125 T ). The obtained OrthoANI value was 98.39 %, which was clearly above the recommended species boundary of 95-96 % [7] [8] [9] , also considering that the OrthoANI values are slightly higher than the ANI values calculated with the originally given methods.
The genome to genome distance (GGD) of the two genomes was calculated with the genome to genome distance calculator (GGDC [10] ) using formula 2 as recommended by the provider of the tool for draft genome sequences. The obtained in silico DNA-DNA hybridization (DDH) value of the two compared genomes was 86.1 % (83.5-88.4 %) and the calculated distance between the genome sequences was 0.0164. The data indicate that the two strains share with a probability of 94.28 % a DDH value >70 %, which also indicates that the two type strains belong to the same species.
The close phylogenetic relationship of the two type strains was further investigated in comparison to next most closely related Streptomyces type strains based on the calculation of a phylogenetic tree based on the amino acids of the shared core genome. A core genome-based phylogenetic tree was reconstructed as described by Blom et al. [11] using the EDGAR platform. Briefly, the core genome was calculated using the implemented function of EDGAR. Multiple alignments of the nucleotide coding sequences or their translated products were then created for all core genes using MUSCLE [12] . The gene set alignments were concatenated to one big multiple alignment. Finally, nucleic acid-and protein-based phylogenetic trees were generated using the Jones-TaylorThornton matrix and the Kimura distance matrix, respectively, and the neighbour-joining method as implemented in PHYLIP. A total of 42 990 coding sequences (1433 per genome) and 15 368 550 amino acid residues (512 285 per genome) were finally included in the analysis. The two strains formed a distinct branch in the core genome-based nucleotide and amino acid sequence tree including the next most closely related Streptomyces type strains (Fig. 1a, b ).
In addition, phylogenetic trees were calculated based on single and concatenated nucleotide and amino acid sequences of five protein coding genes, the ATP synthase F1, b-subunit (atpD), the RNA polymerase, b-subunit (rpoB), the recombinase A (recA), the DNA gyrase, b-subunit (gyrB) and the tryptophan synthase, b-subunit (trpB), which were frequently used for multilocus sequence analysis (MLSA) studies of the genus Streptomyces [13] [14] [15] [16] . Full-length gene sequences were therefore extracted from the published genome sequences (Table S1 , available in the online Supplementary Material). Phylogenetic trees were calculated in MEGA7 version 7.10.2 [17] Nucleotide sequences were aligned according to the respective amino acid sequencebased alignment, which was obtained by the application of CLUSTAL W [18] Nucleotide and amino acid sequences were concatenated in the following order, atpD, rpoB, recA, gyrB and trpB. Phylogenetic trees were reconstructed with the maximum-likelihood method using the general timeresolved model (GTR) [19] , as the substitution model for nucleotide sequences and the Jones-Thornton-Taylor model [20] for amino acid sequences. All phylogenetic trees were based on 100 re-samplings (bootstrap analysis). A total of 9015 nt and 3004 aa sequence positions were considered in the analysis based on the concatenated sequences, respectively. Pairwise nucleotide sequence distances were calculated using the Kimura two-parameter model.
MLSA trees based on concatenated sequences (Fig. 1c, d) showed at both the level of nucleotide and the level of amino acid sequences that the two type strains always formed a distinct cluster as obtained already by the core genomebased analysis. The nucleotide distance of the concatenated nucleotide sequences of the two strains was 0.005, which was below the species cut-off value of 0.007 suggested by Rong and Huang [14, 16] .
In the publication of K€ ampfer [21] it was already noted that the 16S rRNA gene sequences of the two type strains showed 100 % similarity. Interestingly, earlier phenotypic studies [22] also grouped the species in one cluster. Phenotypic data are summarized in Table 1 . For both strains Rectiflexibiles were shown and the development of the aerial mycelium was usually poor or absent on yeast-malt agar, oatmeal agar, salts-starch agar and glycerol-asparagine agar. Both species produced spores with a smooth spore surface. Regarding colony colour, aerial mass colour was in the grey or red colour-series, but aerial sporulation on yeast-malt agar, oatmeal agar, salts-starch agar and glycerol-asparagine agar was usually inadequate for accurate spore mass colour determination. The reverse side of colonies was yellow to yellow brown modified by red (light brown, strong brown, or greyish reddish brown on oatmeal agar, salts-starch agar or glycerol-asparagine agar; moderate to strong reddish brown on yeast-malt agar). Substrate mycelium pigment is not a pH indicator (or is changed only slightly from brown to yellow brown by 0.05 M HCl). Regarding colour in medium, melanoid pigments were formed in peptone-yeastiron agar, tyrosine agar and tryptone-yeast broth. Yellow, orange or red pigment was found in the medium in yeastmalt agar, oatmeal agar, salts-starch agar and glycerolasparagine agar. This pigment was slightly pH-sensitive, changing from reddish orange or brown to yellow brown with 0.05 M HCl. D-Glucose, L-arabinose, sucrose, D-xylose, i-inositol, D-mannitol, D-fructose, rhamnose and raffinose were utilized for growth. AL [26] were both effectively published in 1957, and for both publications, the exact date cannot be obtained. In this case a further statement of Rule 24 applies, which reads: 'If the names or epithets are of the same date, the author who first unites the taxa has the right to choose one of them, and his choice must be followed.'
Hence we propose that S. phaeopurpureus is a later subjective synonym of S. griseorubiginosus. T and S. griseorubiginosus DSM 40469 T among each other and to next most closest related type strains in phylogenetic trees calculated based on nucleotide (a) and amino acid (b) sequences of shared protein coding genes and concatenated nucleotide (c) and amino acid sequences (d) used for MLSA (atpD-gyrB-recA-rpoB-trpB). For the genome-based analysis the data were validated by bootstrap analysis with 200 iterations; all branches showed at least 95 % bootstrap support. MLSA trees were based on 100 replications (bootstrap analysis). Genome accession numbers are listed in Table S1 . Bars, 0.01 nucleotide or amino acid sequence exchanges per sequence position. 
